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.a^A^, ! -k'^ vi-'"'^' '•>f^"'i"^>>:'"'^"<: d<:r.v.-,fiv«. such as 

L.soa.l chiral builJ:;v- h.ocks ot n;itunllv iKcorrini; opticallv 
;ici.yc conpounds. >iuh ...i x.inthoxin (3)'.,nJ zc;.A:>nthin (! I j 
Micmbi:.! produciior. oi actinoi t.-om :.:.6-lrimcthvlcvclo- 
-!f ^^'••'"'^'''"^•■""•''J previously bv N.sh.i et 

ni. ( Ip. 16). because actinol is the key inicrmcdiaie'm zeaxnn- 
th.n torniauon. Ho.vever. ,n ih.s case, a raccmic m.Mure ol 
. •'-tiyclro\y-^...t.-irime;hylcyc!ohe>;:in()nes uas ohlainej as the 
reOiiciion prodiicc ih,^ nuxttrrc cinitaincd (4/? 65)- (45 6/?) 
i-»/?.6/?)-, anJ ■:-:5.ar..J.|,vdr.Kv.:.;.6..r,mc,h^ Icvclohcunones 
u« a qu;mr.t:,i,ve rat.o .n o>S::5 5:2. and actinol accounied tor 
only > , oi ihc toMi ..on-.cr onieru. Moreover. ,he cnzvmc' 
involved m rcduciion ol :.;.n-irm,e!hylcyclohc.xai)edionc'has 
noi necn pi.Titied vci. 

We screened ihe rnicr,ior^ani>nts thai can caialvze stereo- 
anc reuio.seleci;ve redi.cii.m ..[ ilu- carhniivl ..roiip'ai the C-4 

poMiion ,.| lcv(v ,c .inJ hnrnd thai ihe vil ,.s.,late Conw- 

mnwn ,,.,.n,a,,,, M-l.', ua^ li.e hcM producer ol the en- 
zynie under the cnd.iio.u te^cd The e..2vn,e nrodiiced act,- 
nol vv„|, . ovv cnan,-.„rc:,c excess as ,1k red.c.on pnHluc, 

I). v\c descri.... here i^urdic; , .,„d characleri^ation ol 

ll.is levKhone r.-diiclase lr.„n C. «./,„;/„v„„ NM.V which we 
KniiK. ;.i .V ., novel, .numovaierii cation-.iciiv.ii-d enzyme. 
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Induscno (T.ikvo. J..p.n,. rc.pe.!.xoi>. .All o'.cr cncrn..:... ^^cJ m -h,. ^-ud. 
^^erc of ;,n:.lvue:.l .jr;,<:c and -..tc .::.nmcrcuiK .r.n.; ^b^c 

. h,,rncJ Iron. . m, o, cuittrr ^-...h .ere M»cuh.t.J .o , n= rc.va.n t,x,u" 

•NAD . 7.S4 nmul of .N.ADPV U U .M ciua.c .Jchvjr.^.,c...w , A^.no ^^h^n 
n^c...c;H. N:.,.... J.p,,, n.n r.u.a.o ..n. .ru.J'ZoX 

nm^ur; u ""''"'^/t .:nJ then rh. 

m,.iurc v.,nrou>ly .hakcn v.,rn i ml ol cthvl :,c.t..:.-, Th, cihll ao-t .1- I r..- 

MnVr/rr';'' ^^^^ ^»»'-='"«'< ^--tcn.. c^roo,;,..:.. 

r.iphv fOC) .l^ -JcNCrflH J (^cl.'u • - 

mm h' -a '-^^ -"r «vnc HR-:o.M ,,p,;,..,. ,7, 

uJ H. a.> the carrier c:.> :K.u ra.c 1 r>..a,n f Jcr rnc>c .;.nd.i:on> 
«ood.nnc. ..ctim.l. and (i.V.(./?)-h..d:.nv.:.: :.Mr.r.c.h.lc'.cl..nc,an.mc d:a.,C'. 

En^MiaiK pfvpjrui ,f ,,ci,n..l. ^nc^r:,.;lic icJuc:mm, .a Io-hI-tc rN c i- 

r^d . ...,K... A ; ;.n.l .......... o,.;.:. 

r»'.'^P"..!c tM.rlcf ;pH -u, L ..m. ! s VON . 
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TAHl.I: 1. Screening ihc IcuiJn^nc-rcducini; niicr(M)rganisms 
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.naDII A.*- J-'ivrniincd. ihc naDH corwcniraiinn w:ir, ^ane J ln«m 4H .'?0 mN' 
ill ilic pri*ciKV M .1 hx.'d cunccniranon nt teNodiunc i U» niM) 
TV NicK-i.^- p.H.tnicttT^ m' (he rL-\or»e nrnciion ucrc ;iIm» dcicrnnncii NMth 

I'urihc.ition iif ihi- enzyme. All punnciiton pmceJufO were pcrlurmcd ai <> to 
- C in .p«»i.t\'>ium pho^ph.iU' butrcr ipH 7.<I) cont.ufiini 0 I m.VI dithin- 

ihicii<tt itnk'N"" (Hh^r^i'C <pcvihcd 

. 1 he %*.ivIkJ Jtii- i*Ac: •A.ri^hi. S<) ;| isoJolcd from S liters ot cuhorc hroth uere 
'-uNpendej m ISii rr.l the ^ul^cr ;inw then JiNfupted with .in uhr.tM niC oscill.iti>r 
inr W) nun After Lv'nif;fui:.ni«irj. the reMiltme ii:pern:u.int tr.ie:ion;ned ^^ith 
M'lid ;unni.»n»un} >uli;t»c The prccipitnce ohMined \»nh -» ;o oiur.aion wjv 
ctillecied. dulvzed .ic urxt )»» liierx the buffer tor :S h. and ;»pp:jed to j 
DIiAD Serh.iritM.* FF i Ph.ifm.ic:ji Biotech. Lpp-i.»la, Sweden) ettlunin t3.il by 10 
enti eijuLihrjieJ *\itt\ ihc hut'.er Tfie enr.mc w;ii eluted -Aiih ;i Ime.ir o :o I.') M 
N.iO 'jnvjient m ml t>l' the hutfer ;ii .» tUm rale oi' l*i ml mm. The enzyme 
eluicd .It .ir»pro\ini.»?eK •>> M N.iCI in the bulTei. 

The ei«iKenir.ii:»»n ol iNH.^SO, jdju>tcd to Z M b\ :idd;ni; solid 
jNH, )<S0. lo ihe :-ii7>(ne M»lLtion het.vc the enryme Milutum Kvided onto 
.in AtUI Supernve UK in 10 {I'h.jrnnen Dio(ech) column 1 1.0 h> incmi :h.il 
eonnectcd to .i i.i>i prntcin itqiud chrom;iio;;raphy .syMem (PSurntiiv'ia Duucch) 
.ind pfc^u'.u^Iv h,id been equ;libr.ued with iho buffer coni.imin!: 2 M (NHjl^SOj. 
lite en/vne el-.iied »Mth i line.u 2 to 0 M iNH/|;SOj :;radient in 2.iU ml of 
Kie Ihillei .'.! A i'.ow r.ue i-t i' S i:i!.n-.in The ;ic!iv»ty-c«int.>inmc ir,ict;or..v which 
eluu-d a: opro\mj:iteU I ."^ M <NH.).SO, m the hutfer. uerc pnnied and di.i- 
kyx^ .lii.iinNi Ittcr> «»l ti'.;.' bu.-fcr S h 

llie en/vrae viluti-in -.*a> .ipplied i>» a NU)noO HR> 5 ^lolumn n)^ by > cm) 
;hai w.iH varneeied !■.» .> t.i>i pft>ie»n liquid ch*om;iU>j:r.tphv <iyMcm and previously 
had Ken ei|uilibr.iied ^^nh ine buffer TJ>c en/\me wax eliilcd wiih j linear 0 lo 
MN \l N.'C: i:f;KlieiM 'H ;».> ml oi ihc huiVer ai a ilow f;iic ot' 1 ml mm The 
.Kti'.t'.'. ^'•rtaimr.c if,tC:>'t\y. wnivh eli.icd at appr«i\:r>.-iel> 0^ M .NaCi m the 
bMikr. •.«..'-e Ci'llwCUd and u^cd a> {he puriiied en/yne t»»r vh.ifaeteriiatit.in. 

L^^^l » nilo|»vi)tMlasi- tli^e.^tiim and isnlaticin nf the prpiides. The puriiied 
en/\nie -...o diee^i.d S^vl endopepl:da>e |Wako Pure C'henucaK. Osak.i. 
Japan) under tlu* i..«iuliiMinN JevMbed previou^K (IHj Tlic pepltdev were sep- 
arated JvvetNe pl-.a>e liiy'i-periof mance liquid chr.»n)an»i:r.iphv on ,i jiRf'C 
( ( . , e-'-i i'in t l"j.M t:i.-.Jia Hmtc4.h) e'«nneeied tn a Smart >y*.icm jnucroscale 
pKiKin pi.r.riL.Ui'Mi s'.xiem. Pharmacia Utotecii). The peptideN *».re eluled with 
.1 Ifiiea'' " .t. v:.«ritr«!. ;:f.id!c:ii C'lniainmc t' lrilUMir.».icetie acid 

.•\imii.i .It 1(1 M'ljHiiief jnal»Ni">. A pariial amnio acid sequence w.in determined 
rt.ih .1 ia.'..c: -"''A jMitx^J !i.;uul pr.'l.- ii seq-aencer i Applied lUi iNv«»teni\, f oNler 
(. t;-. (.".till I .IN Jv,-s. t .l»e J pre^iiHclv ill). I he patii.d .iimtiti .n.td *evpienec nh- 
•..lined . ...iti<-.ir.\l %\:ihihe ^e^^»ence' ol pr<»tejnN »:ttr,'d in the S\^ISS'PUC)T 
I -.Wise •* '1- J.iiK '"•). riK i:.tea>e M.ir*.!j '">». .md PUT Ircle.iNe 

••• I'-i \: .-. |ii.UMi .l.it.tl>a«c> S:. .;.i-.iwe aliLinnuri pv.'l -in'.ed bv umi«i: 
cli.- lit.;-. . : ! .mil r.is:.i < I.M |«:;»eramN 

tltlit-r iiiv-iltMilN. I m.' .n<»leutl.ir ri.is^nt the eii/yme a»»d pr»'iein (.tmeeniralions 
»^eie .Lti. :;;ir'e'.l .i'- .ie-Cfibed ()fc\ I'Ui-iy ill). 
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FIG. : SDS P.AGF. ot ilK levodMMie redvicta^e trom C. iri,;(.i/i. .vm M-l.- 
Unc a. M, siar.dardN. includiOi; ilr.«m '..ip to Ni::»'n:t phosphor\l.i>e h i.M.. 
«)4.0ij«)l. ho\mc ieram albumin (n"*.»«Wi,. ,ualb»imcn l-s .'..:•««):,. carK.mc anhydrase 
(jn.OOtl). trNpMn inhihiior i:i».!ti'ii. and .i :.K!aibut:tin 1 14 4t)(n. iane b. punheJ 
enzyme {i jigl The i:cl •a.i> stained t..f pr.w.rn wuh C•^mia^';e bnilt.in: biuc 
R-251) .ind vvjt dtf^i.imed in me!h.i:»« '.-a*. acitl-A.iur -i 4 i 



Screenini; of lfv<»(lit»nc-reHucini» slr;iinb. LcvoJtonc-rcduC- 
ing iK'UviiN was vsidch ilnricd in varnuiN niicroiiroaniNm.>. 
As shown in Tabic I. haciL-ri.i bol»^nt:int: \o iho ucncra Cotync- 
hacwnuni, Ccunlonitytms. M^\^ Af!htifi>,icu t caiatyzcJ siereoso- 
lociivc rctJuction of lL'\odnMic anJ iijvc actinol as a roJucnon 
product. One suam. (.'. «;f/.'m/.\ (//m \\-\}. »^as selected as ihe 
host producer ol" ihe cn/>ttic ihat cai.il\.:CN ihe sicrcoNcleciive 
reduction of le\odii)ne lo acu;)ol uiuler ihe cnndtiK>nN icsicd. 

Puriticniion nf (hu cn/>nic. TIk en/yine aciivny ol the cell 
c.\tract was lou low U) deienoit^e ihe speeiric acliviiy: lu>we\er. 
after ammonium sullaie prcopit iitv^n. the cnz\me aciiviiy 
seemed lo increase, which allo'Aed v|uaniitaiive meaMtremeni. 
The metht)*.'. i:>eti U^r pii:iiKaii«^:i «m le'.o.!ioi\e rcJixKiNC is 
Mimmarized in Table Z. Ww ei'./yme v\.is nuriiieJ to hiMiiojie- 
nciiv. and (he overall level •>! reci«ver> v^a^ li> 7'" I he puriiied 



r.AUl.R - PiinlieaiPMi of ihe levojionc rcduciasc from C. iuituiti.mn M l.' 



Total pioiein Total aciiviiv Sp .ict Yield I'l.r i.vaiu' i l:,».:nc:,Hueric cues 



C'cnc.Mi.ie: .Vh.sO 

4l1-liir. .\in.SO, ptCCipiKilinn 504 54.11 0.110 H'M I ' ' 

niiAi.-Ncph.Kvi y*.: 3n.o n.7711 550 

Alkxl.Supcn..c HHlu:il l.SS :.S.I> 9.7: 51" >>.4 

.\liM>iii^llK5 5 m.:no 5.Sil -0.7 in.7 i"^^ 
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FIG 3 FjJVa. .,r K" < N.r (■). ;,nj NH,' ( j ,m cnzvoitf activiiv. 
Tf.-HCI (pH «i» ii>cd ,\s the bu{\:r. jnj the cn^\mc activtiv wiih : M NH^' 
JcnncJ :is lOil.V. Chloride wu> used as ihc anion m all mixtures. 

enzyme produced a single band on sodium dodecvl sulfaie- 
polv:icr>l amide i;e! electrophoresis (SDS-PAGE) gels {F\o, 2). 

Relative niolecubr muss and subunit structure. Usino a 
calibrated column of Superdex-200 PC3.2/30 (Pharmacia Bio- 
lech), ue tfsiimaied that the relative molecular mass of the 
enzyme was 1 >.\000 Da. while the molecular mass determined 
b> liii^h-pertormancc gel permeation chromaioijraphy per- 
lormcd with a G>smosiI 5DioloOO column (Nacalai Tesquc. 
Kyoto. Japan) was about 142.000 Da. The relative molecular 
mass ot each subunit ua> estimated to be approximately 36.000 
Da b> SDS PAGE iFig. 2). These results suggest ihat'thc en- 
zyme is a lelramcr 

Stereoselectivity for levodione reduction. Usina Icvodidne as 
the subsirjte. wc analyzed the optical purity of the reduction 
product by GC The aciino! formed by the enzvme was the 
H/^.O/?) enaniiomer with enantiomeric excess. 

Effect of nionovakni cations on enzyme activity. The puri- 
lied enzvme eluiod from the MonoQ HR5 5 column, which 
comaincd appnwimaiely 41)0 mM NaCI. had a specific activity 
oi 20.7 U'mii. Howcxer. the specific activity of the enzyme 
decreased to D.ti^ L' mg alter tKcrnight dialysis ai^ainsi 10 mM 
Tris HCl bullcr (pfl supplemented with O.F mM dithio- 
ihrciiol. 

The activity of the diaKzcd enzvnie was resn )red when a 
nuinov;ilcm cation, such as NH/.'Na'. Cs *. K\ and Rb*. 

added to tlie rcaciinn nuxinre. .Activation In the monova- 
lent cations K * . N.j ' . ;ind NH/ is shoun m Fti:: .V 

Substrate spccilicily and catalytic pri>pcrtie.s. The substrate 
spccificilv of the levodionc reductase of C. itquutnmtt M-13 is 
nImwii 1(1 Table ."v Some c\chc ketones, inchiding kcioisopho- 
liMic and keitipantoyi lactone, and some vicinal dikcioncs. 
includmv; 2.3-pentanedtone and l-phenyl- 1.2-propancdionc. 
»ierc reduced by this en/.yme in addition to levodionc. How- 
c\er. other cyclic ketones, inchidnii: isophriMie. cvclohc.\ani)ne. 
c>clopentai\one. and l-4-cyclohe\anedionc. and some typical 
substrates for aldo-keto reductase, such a.s /^-niirobenzaldc- 
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"The dMfyzcJ cn/\mc i;.,-d The ::y:^nw ja.vitv r,K-.,M,r.'d ,n I-.- 
HCl buffer ipM; 4) uiih;iml«.il,...:i I \l KCl The luu: u ,.. ui.,r.i v:Ju.-. .»;.• 
.ivcr.iutfs = M;tndard Jcvi;nion. rcMilnn.: rr.'m t.Tr-.c dftk r .ni Jcii rni:n.nion^ ' 



hyde and pyridine-.^alddndc. uerc noi reduced. .Vormal \\\- 
porbolic kinetics were ohscivcd with levodionc. The apparent 
i^n^J ^ 'n...x values under the conditions described above, both 
in the presence and in the absence of KCl. as calculated from 
Linewcaver-Burk plots, are slumn in Table 4. 

The enzvme was ven. speciric for NADU as a cocnzxme: 
when the levodione conceniration was 2 mM. the apparent K 
value for NADH was 154 ^M. and no decrease uas observed 
at 340 nm due to reduction of levodione when NADH was 
replaced by an equimolar concentration of N.ADPH. 

The reversibility of the reaction was. invcstiiiaied bv uMns 
aciinol and NAD* at concentrations of 2.0 ar.d 0 32 mM~ 
respectively. We observed an increase in the absorhance'ai 34(i 
nm due to o.vidaiion of actinol. W hen the ethv I acetate extract 
of the reaction mixiure obtained after o.\idaiion uas examined 
by GC. a peak corresponding to the levoduMie peak was ob- 
sened. Thus, the enzvme catalyzed a reverMble reaction be- 
tween levodione and acunol. The apparent K... and I values 
wuh 32t) NAD" in ihe presence of 1 M KCl f.)r\iciinol 
oxidation were 1.36 z 0.2? mM and Lv9 r 1.2 ^mol.min.mi: 
ot protein, respectiveb 

Partial jimino acid sequence analysis. The NH. -terminal 
ammo acid sequence of the enzyme was determined bv auto- 
mated Edman degradation by using a pulsed lujuid pha>e se- 
quencer (Fig 4). This sequence was ibund to be similar to the 
NH>-tcrminal amino acid sequences the shon-ch^iin dchv- 
drogenase.reducta.se iSDR) family (4. |9) proteins, such as 
biphcnyl-2.3 dihydro-2..''^.diol dch\ drogena.se of Psciuiomonns 
sp. strain KKSi02 ("). i^ l.: dibAdrobenzene.l.2-diul dehvdro- 
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iicna^ic tM' P\cutionuiiias putuUt (*>). t;\-loliicnc dihydrodiol 
iicli\droccn.»>c ol /' imtuU \'\ (24|. nnd :.5-dichloro-2.5- 
v'^lohcxiidicnc- l.-I Jiol Jcludioycn.isc of Splwt\»ontoms pan- 
anuihihs 1 14). u hich hclnni: lo the SDR t:imily (4. 1^). Moreover, 
(hl> NH»-icrminal ;in)inv> jcid Ncqiiencc contains G-X-X-X-G- 
X-G. which js hi\;hl> co^^o^\cJ in the NHyicrminal regions ot" 
SDR family pro^oins \ \')\. 1 hc^c results stroniziy suijgcsi thai 
tl)c cn^>»ne purilicd ir. Ihl^ Niiidy hcloni:s to the SDR family. 

The cn^^NHK' proicni ua> diuoicd wiih lysyl endopepiidase. 
;u)d the rcMillini! di^^csi •a:in ^cparatod hy the Smart system. 
Three popiideN (K-l. K-2. an J were isolated, and the 
.MV.iiio aeid scvjuenceN ol lhe>e peptides were analyzed with a 
protein sequeiKcr The K-l and K-2 sequences are ^hown m 
Fig. 4. and. the K-3 sequence was .A-A-V-L-E-T-A-P-D-A-E- 
\'*L*T-T. Wheo theNC sCJviences were compared with ihe se- 
quenceN in three protein >Cv|iiencc databases (PIR. PRF. and 
SWISS-PKOT.i 1>> u^niji the Ncquence similarity >e;irch pro- 
iirams BlaM (1) and FaMa (IS), the K-l and K-2 sequences 
uc:e found to he >ij:nitieanily Mmilar to partial amino acid 
>e».|iiciKes of 2.5die!iU>io-2..^-e>cli>lie.\adiene-l .4.diol dehydro- 
•jen.tsc »u .S fhiUiiint^NUs iMi ;ind ,iM>.\oaeyl-|aeyl-carrier pro- 
tein | red'.lC^;^^e of Hji'ninfui:lit\ intlncnzni' respectively, 
hi^ili ot -Ahieh beltMi^ to the SDR family. However. K-3 did nt>l 
e\h»*nii st,:nilie;uu M:iu!.iriiy t>> an> other SDR family protein. 
Over. til. I he [>aiiial amiiio aciJ Nei|uence of this enzyme e.xhilv 
ned the UJeaie^i Mnvila!H\ in the >ei|iieMce of 2.5-iliehlt)rv>-2.-'^- 
e\et.')KNadiene-l.4-dit>! Jelnvl^^^^:ena^e of .V. p,nnininhihs (14). 
A ^ev^uellee aliL'nnivMi vIuumi in i-ij:. 4. 

Spcitral pnipt-rcifs. The ahsorpiion speetrunvof the enzyme 
liad J nia\inuim al 27n nm. Nv» al>>orhance ^^a^ detected at 
ua\elenuth> i;rea:er than ."Ot> inii. TIuin. the en/ynie does not 
eniuani llav.in or pv rroloquiniiline quinone. \vhieh are the co- 
er./:M:le^ ple^elll :n r.h*< t.|uinone ied\:eta>ev t."^ ) and in i|uitvi»- 
piitiein deh\ di nl;en.^^e i2l. 

i:ilVit> III* Kni|KT;iluri- on cnyyinc :K«i\ity aiui st;il)ility. As 
>h<t\vn HI I'lu. 5 A. the optunum temperature lor levodione 
rediKinHi ua'> determined io he 20'C al pM 7.1). Although the 
ili,ii\/ed cir/\nie w.is si.ihle at lemperatures below 15**C for M* 
nun ji pi I 7.0. in thc'piesenee ol I M KCI the enzyme was 
stable at teioperaluieN hdow id'C.toi ID mill al pll 7.1) (Fig. 
.^Ui. .At .^.^'C. all of the niiiial en2>me activity was lose under 
h« 'ill eiMKliii* 

DISCUSSION 

l.evodiiinc-iediicini; n)icroori:anisms l\avc been described in 
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purilicd previously. T*> our knowled^^e. ihi^ i^ the tiiM report 
cottcernine leM»dione redueiaNC. 

Judein/from the substiate specilieity I Table ."^^ a dikeione 
structure seems lo be neeessaiy in order tor a cinnpouiul t*» be 
iranslormed hy levodione reductase. Himever. the physioloi;-- 
ieal substrate of this enzyme is still unknown. 

This enzyme was activated h\ monovalent cations, such as 
K*. Na\ and NH/. as are the glycerol dehvdrt^tienases t)f 
Eschcrichhi ioli {2 \ ). AiTtihitcur iicny^i'tiis I 12). ami C't/////o//io- 
mts sp. tl7, 23). These ylvcerol deh\ Jma-nascs exhibit ma.xi- 
mum activity at mi^novateni cation coi'.eciuratioi^> ol 0.7 to 4i) 
m.M. althouiih the enzyme penned in our e\pei tnient exhibited 
maximum activity in the presence of 1.5 to 2.i^ M Nfi^Cl and 
l.tS to 2.0 M NaCI. OxidoreductaNes. which exhibit maxinuim 
activity at e.xtremelv hiuh salt concentrations. ha\e been found 
in sorne halophiiic bacteria, such as Hitlohiutcriitti} sulinnnum 
and Hidohiiacnum cutinihtvnt tS). However. C ut/tuituittn 
M-13 is mil a halophihe bacterium and scarceK j:ro\%s in the 
presence of I M KCI. 

The partial amino ncid sequence of lite enzyme was smiilar 
to the partial amino acid sequences of other SDR family en- 
zvmes (4. 19). This result >ui:i!csis that the enzyme which wc 
purihed belongs to the SDR familv. .Althouiih the NH -termi- 
nal amino acid sequence of levodione reductase exhibited si'j;- 
nihcant similarity lo the sequence of c/i-benzene elycv>l dehy- 
drogenase of P' puiuiii, the former enzyme cannot oxidize 
W.v-benzene glycol at a concent raiivin of 2.i) m.M. Ghicusc de- 
hydrogenases from Baallna nw^iUi-nnni l.\MH)3n have been 
slu)wn to be SDR enzvmes and also have heen repi>rted to be 
stabilized in the presence ol 2 M NaCI (13). and one of the 
glucose dehydrogenase isozymes. GlcDH-lII. has been re- 
ported lo be. ncii'vated by 2 Nl NaCI. However, the ellecis of 
other monovalent cations, such as NHj' and K". and kinetic 
parameters with and without NaCI have not been reported. To 
our knowledge, wc found the tirvi example of an SDR family 
enzyme which is clearly activated by montwaleni cations. 

C. aquitttcutn NM3 can grow on a medium contauiing I.-' 
cyclohexanediooe as the sole carbon source. However, ihv. 
levodione reductase purihed in this study could not reduce 
1.4.evclohexaiKdione. Thus, we suggest that in C iupintkum 
M-13 celi.s l.'4.cyelohexanedione i> not degraded lluough a 
pathway initiated by a reductase. This eompniiiul may be de- 
graded, for example, by a ring cle.iv.igL' reaction: however, the 
fate of l.4-cycU)hexanedione in C. mfttaunini M-13 is still un- 
clear. Levodione redueiase seemed to be useful tor producti<in 
of optically active aciinol, however, the physiological rv>le o( 
this enzynw remains to be cl.uilied 
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